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Abstract 
A method for quantifying unbalance characteristics of table tennis balls has been developed. The method has been 
validated and tested threefold: 1. Subjective ranking of balls by professional players, 2. high speed video recordings 
of spinning balls, motion reconstruction, and ranking according to the oscillation amplitudes observed and 3. 
investigation of the sensitivity of the method by slightly changing the balance characteristics of one ball artificially. 
The results from the rankings were compared to the ranking obtained from applying the proposed method. In 
addition, simulation studies for the testing device have been performed. Good agreement between methods was 
observed.
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Briefly before a competition, professional table tennis players are allowed to choose their preferred 
balls for the subsequent match. The main focus of the rather subjective selection process is put on a visual 
inspection of the seam, the hardness and particularly the roundness of the ball [1]. It is common practice 
for athletes to spin each ball on the table surface using different starting orientations in order to visually 
check the motion perturbations of the ball. The less the amplitude of the observed oscillations, the better 
is the roundness, which also affects the uniformity of the ball trajectories. Because of the subjective 
judgment of players selecting the ball and the slight differences between the samples, the final decisions 
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can be controversial. For the purpose of being more objective in the evaluation process, a novel testing 
method for the quantification of unbalance characteristics of table tennis balls has been developed and 
thoroughly validated. 
2. System description 
The measurement system consists of a ball fixation device mounted on a rotating shaft which is driven 
by a DC motor ([2]; Fig. 1). 
Fig. 1. Description of the experimental ball measurement system 
The shaft is pivoted by two precision ball bearings. One is directly fixed to the systems frame, the 
other is integrated into a custom-made load cell (4 strain gages, HBM) in order to be able to measure 
forces perpendicular to the shaft. Considering that a higher unbalance of the system (without a ball) will 
impair the sensitivity of the measuring method, a rotationally symmetric ball holder is used and precisely 
balanced before testing. When attaching a ball to the system it should be aligned so that the seam is 
oriented horizontally (assuming that unbalance is mainly induced due to irregularities along the seam). 
Thereupon, the rotational speed is raised up to about 11.200 rpm whereby the occurring centripetal force 
is determined using a DAQ-system in combination with test and analysis software (Fig. 2). To get 
sufficient information about the unbalance characteristics of the ball, measurements in 4 different 
orientations (initial position and 3 90-degree rotations around the seam) are taken. A resulting indicator is 
then calculated to quantify the unbalance of the ball. This is done by performing FFTs of the recorded 
data sequences once the rotational speed has stabilized in order to calculate the average peak amplitudes 
of the periodic input signal. In more detail, a fractional octave analysis (1/12 octave bandwidth) with a 
chosen center frequency corresponding to the induced angular frequency (about 187 Hz) is performed to 
exclude spurious oscillations within the results. Unbalance is finally quantified calculating the range of 
the so obtained amplitudes from the 4 measurements. 
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Fig. 2. Screenshot of the developed software for test control and signal analysis 
3. Methods 
The method has been validated and tested in three different ways:  
1. Subjective ranking of a series of balls by professional players. 
2. High speed video recordings and reconstruction of the motion of a series of spinning balls on a 
smooth glass plate, and ranking according to the oscillation amplitudes observed. 
3. Changing the balance characteristics of one ball artificially and analyzing the effect. 
In addition, simulation studies for the ball testing device have been performed. 
3.1. Subjective ranking 
Five professional players tested three series of five balls. Each ball within one series was from the 
same manufacturer (M1-M3). The players spun the balls on the table surface repeatedly using different 
starting orientations and checked the translational motion deviations of the ball visually. Afterwards they 
ranked the balls of each individual series. Kendall's coefficient of concordance (W) between raters was 
determined. An average ranking was calculated for each ball within each series. Kendall’s rank 
correlation coefficient (W) was used to compare this subjective rankings to those obtained when applying 
the novel method.  
3.2. Ranking from results of high speed video analyses 
The balls of one freely chosen series were recorded by a high speed camera (MotionScope-2000, 
Redlake; 1280x1024 pixels@500Hz) when spinning on a smooth glass plate. The experimenter verified 
that the seam of the ball remained horizontally adjusted during spinning to guarantee comparable 
conditions. An industry proofed image processing software (Vision 8.6, NI) was used to precisely track 
the 2D-motion of the ball. In a subsequent step the oscillation amplitudes of each ball of this sample were 
calculated (band-pass filtering of the displacement in the range of 4-50 Hz) and analyzed (see Fig. 3 for 
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an illustration of the whole testing procedure). Again, the balls were ranked and Kendalls’s rank 
correlation coefficient was calculated. 
Fig 3. Video based analysis of the ball unbalance characteristics 
3.3. Artificial change of balance characteristics 
In order to investigate the sensitivity of the novel method, a ball was tested in its original condition 
and with artificially changed balance characteristics. According to the results of 8 measurements with the 
novel device (initial position and 7 45-degree rotations around the seam) the position of unbalance was 
estimated.  A small hole (3 mm) was drilled at that position. Significant changes in the outcome of the 
fractional octave analysis were expected from the thus induced negative balance.  
3.4. Simulation studies 
In a supplementary project [3], the measurement values obtained by the novel device and especially 
the resonance characteristics of the system were tested for their reasonableness. A 3D-model of the 
developed device was created using Autodesk Inventor 2009 and utilized for a harmonic analysis 
simulation with Ansys DesignModeler v13. The obtained resonance frequency response with and without 
ball was then compared to that measured. 
4. Results 
4.1. Subjective ranking 
Three rankings of five balls were established with both methods. If experts were not able to distinguish 
between individual balls, the same rank was assigned. Kendall's coefficient of concordance (W) between 
raters was 0.46 on average. In case of slight differences in the calculated unbalance indicators the same 
rank was assigned when sorting the balls according to the outcomes of the novel method. 
Fig. 4 illustrates the indicators obtained for the 15 balls tested and compares them to the average ranks 
obtained from the experts’ opinions. Kendall’s correlation coefficients were 0.74, 0.95 and 0.80, 
respectively.
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Fig. 4. Ranking results from novel method (squares) compared to subjective assessment (circles); 1 is best. The bars represent the
calculated unbalance indicators (B…Ball, M…Manufacturer) 
4.2. Ranking from results of high speed video analyses 
A ranking of five balls could be established using the testing device and the high speed video-based 
method. The resulting ball ratings showed almost complete congruence. If we qualify balls 1 and 4 in 
both ratings equally – and this is reasonable due to the very small differences observed – then the rating is 
absolutely identical (Kendall’s W = 1.0). 
Fig. 5. Comparison of methods. Higher values indicate higher unbalance 
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4.3. Artificial change of balance characteristics 
Drilling a hole of 3 mm reduced the mass by about 4 mg (about 0.15 %). Even though, a considerable 
change in the calculated indicator (about 18%) could be observed. This result confirms the presumed high 
sensitivity of the testing device. 
4.4. Simulation studies 
High congruence between measured and simulated resonance frequency responses could be shown [3]. 
From the results of the simulations – in particular from the characteristic resonance frequencies – the 
appropriateness of the selected rotational speed (11.200 rpm) could be confirmed. 
5. Discussion 
The result from the high speed video test showed high congruency to that from the novel testing 
device method. It is assumed that one reason for this good match was that spinning balls on the glass 
plate did not change or rarely changed their originally given axis of rotation. One additional result 
obtained from the video analysis gives additional evidence on this assumption: In one trial, which was not 
used for obtaining the ranking, ball 4 rotated around an axis intersecting with the seam line after having 
been actuated. This resulted in an amplitude value of 0.082, which would have meant a better ranking. It 
is supposed that this second stable axis was that with minimal moment of inertia (cf. [4]).  
In the case of the subjective test this change of axis of rotation might also have happened but its effect 
on rating could have been compensated by repeated trials from the experts in many cases. The assumption 
of controversial decisions from players could be confirmed. As a consequence, somewhat lower measures 
of agreement were identified. However, the correlation between the mean ranking of the experts and that 
obtained by the novel method was satisfactory.  
The results given in 4.3 demonstrate that the measuring system is highly sensitive to slightest changes 
in the ball’s characteristics. From the simulation study it was concluded [3] that it should be possible to 
estimate the unbalance of the measuring system. More detailed insights on the unbalance characteristics 
of analyzed balls could then be gained. Due to the minimal mass of table tennis balls (2.7g), the accuracy 
of the system is highly sensitive to an eccentric positioning of the ball fixture device. This problem can be 
prevented by correctly adjusting the system before inserting the ball.  
Summarizing, the developed testing device seems to be appropriate to accurately set up a sequential 
order of the samples thereby identifying the most balanced balls. 
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